This study was carried out in two successive seasons (2014-2015 and 2015-2016) at SEKEM company Farm (Bilbase, Sharkya Governorate) on chia (Salvia hispanica) plant which is a new crop introduced lately to Egyptian cultivation as a medicinal plant. The effect of three irrigation levels of different reference evapotranspiration (80, 100 and 120 % ETo) with foliar application of three levels of proline (100, 200 and 300 ppm), salicylic acid (200, 400 and 600 ppm) and putrescine (10, 15 and 20 ppm) in addition to the control treatment (tap water) was investigated on growth and yield of Salvia hispanica cultivated in sandy loam soil with drip irrigation system. The results of the two years experiments indicated that the highest values of plant growth parameters and seeds yield of S. hispanica were obtained from 100 % ETo. While 120 % ETo resulted in the maximum value of roots fresh and dry weights. Foliar-spray application of proline (100 ppm.), salicylic acid (200 ppm) and putrescine (10 ppm) resulted in optimum fresh and dry weights of herbage and roots. Seed yield was higher in plants sprayed with proline (100 ppm) and putrescine (10 ppm), although the differences between them and salicylic acid (200 and 400 ppm) or putrescine (15 ppm) were insignificant in both seasons. This leads us to recommend irrigation of S. hispanica accordingly with 100 % ETo coupled with foliar-spray application of salicylic acid (200 ppm) from the economic point of view.
INTRODUCTION

Salvia hispanica L. (Chia) is an annual herbaceous plant belonging to the mint family (Lamiaceae) and is native to southern Mexico and northern Guatemala (Yeboah et al 2014 and Silva et al 2016).
It is currently commercially cultivated for its seeds in Australia, Bolivia, Colombia, Guatemala, Mexico, Peru, Ecuador and Argentina (Jamboonsri et al 2012). This ancestral seed has been known for its medicinal and nutritional properties from ancient time because of its high content of omega-3 fatty acids, since it is one of the largest botanical sources of linoleic acid and it can easily be added to commercial products (Coorey et al 2012). Chia plant was traditionally one of the four basic elements in the diet of Central American civilizations in the pre-Columbian epoch (Baginsky et al 2016) . Chia seeds offers a great future perspective for feed, food, medical, pharmaceutical and neutraceutical sectors, as they are a promising source of antioxidants which are believed to have cardiac, hepatic protective effects, anti-ageing and anti-carcinogenic characteristics and protect against cardiovascular diseases (Ullah et al 2016). It is widely consumed for various health benefits especially in maintaining healthy serum lipid level (Ali et al 2012). Therapeutic effects of chia are scientifically established in the control of diabetes, dyslipidaemia, hypertension, as anti-inflammatory, anti-blood clotting, laxative, antidepressant, antianxiety, analgesic, vision and immune improver (Ullah et al 2016).
Water is one of the most important inputs essential for crop production of plant biological processes such as growth, physiology, biochemistry and crop productivity. The increase of water demand in the world, especially in arid and semi-arid regions lead to farms searching for effective ways to use of water resources rationally (Mansour et al 2014). Predicted climatic changes suggest that in the future it may be necessary to select species with low water requirements (Herman et al 2016) that efficiently produce large amounts of biomass, a desirable quality in species resistant to water stress (De Almeida et al 2012 and Medrano et al 2015) . Salvia hispanica L. (chia) is an interesting option, which has been described as being drought resistant while maintaining high growth under reduced water availability (Herman et al 2016).
Irrigation scheduling is a process of determining when to irrigate and how much water to apply per irrigation ( There are several commercially available chemical compounds that could be used as elicitors to modify plant secondary metabolites and subsequently the bioactivity of medicinal plants (Pirbalouti et al 2014) . Therefore, this work aimed to study the effect of three irrigation levels of reference evapotranspiration (80, 100 and 120 % ETo) with 10 foliar application treatments that included three levels of proline (100, 200 and 300 ppm), salicylic acid (200, 400 and 600 ppm) and putrescine (10, 15 and 20 ppm) in addition to a control treatment (tap water) on growth and yield of Salvia hispanica cultivated in sandy loam soil supplied with a drip irrigation system.
MATERIALS AND METHODS
Two years experiments were carried out at SEKEM company Farm (Bilbase, Sharkya Governorate) during 2014-2015 and 2015-2016 seasons. The soil of these experiments was sandy loam soil and Nile water was used under a drip irrigation system.
The physical and chemical characteristics of an experimental soil sample were determined each season before cultivation according to Jackson (1973) and are presented in Table ( Maximum, minimum, average air temperatures ( o C), relative humidity (R.H.) and refrence Evaporattion transpiration (ETo) of the experimental Farm area during the growing period of the two seasons are shown in Table ( 2).
The layout of the experiments was a split-plot design incorporating 30 treatments. Each experiment contained the combinations between three irrigation levels (80, 100 and 120 % ETo) in the main plots with 10 foliar application treatments which included three levels of proline (100, 200 and 300 ppm), salicylic acid (200, 400 and 600 ppm) and putrescine (10, 15 and 20 ppm) in addition to the control treatment (tap water) in the subplots.
The soil was prepared before cultivation and divided into plots (2.1 m 2 , 1 × 2.1 m) on 15 th September for both seasons (2014-2015 and 2015-2016 
RESULTS AND DISCUSSION
Plant height
Plant height responded significantly to irrigation levels (ETo), application of proline, salicylic acid and putrescine as well as to their interactions in both seasons (Table, 3 ).
The differences in plant height between 80% ETo, 100% ETo and 120% ETo were significant in the first season, while in the second season there were significant differences between 80 % ETo and the other two levels only. The highest plants were resulted from irrigation at 100 % ETo in both seasons.
The differences between the foliar application of proline (300 ppm), salicylic acid (600 ppm) and putrescine (20 ppm) were insignificant comparing with the control (tap water) in both seasons. Irrigation with 100 % Eto interacted with foliar application of salicylic acid (200 ppm Application of proline, salicylic acid and putrescine in the minimum concentration increased significantly means of plant height in the 1 st season.
Number of branches / plant
Results showed that neither irrigation levels (ETo), foliar application nor their interactions affected significantly the number of branches / plant in both seasons (Table, 3 ).
Herb fresh and dry weights (g / plant)
Clearly, irrigation levels in addition to the different levels of foliar application treatments as well as their interactions affected significantly herb fresh dry weights of chia plant in both seasons (Table,  4 ).
Irrigation at 80 and 120 % ETo produced the lowest fresh and dry weights, respectively in both seasons. On the other hand, the most effective irrigation level for production of Salvia hispanica fresh and dry weights was at 100 % Eto which gave the greatest values (141.5 and 169.8 g fresh weight / plant; 51.7 and 67.5 g dry weight / plant in the 1 st and 2 nd seasons, respectively). respectively) were observed from proline in the 300 ppm treatment.
Effect of Some Irrigation Levels and Foliar-Spray Application with Some Chemical Substances on Growth and Yield of
The maximum fresh and dry weights resulted from plants irrigated with 100 % ETo and foliar sprayed with 10 ppm putrescine (167.9 g fresh weight / plant and 67.9 g dry weight / plant in the 1 st season) and with 100 % ETo and proline 100 ppm (222.1 g fresh weight / plant and 89.9 g dry weight / plant in the 2 nd season).
Root fresh and dry weights (g / plant)
Data in Table ( 5) showed significant effects of irrigation rate (ETo), in addition to foliar applications and their interactions on root fresh and dry weights in the 1 st and 2 nd seasnos, except the foliar application effect on root fresh weight in the second season that was insignificant.
Increasing irrigation levels significantly increased root fresh and dry weights in both seasons. The most effective irrigation rate was 120% ETo, which gave the highest mean values (20.8 and 26.2 g for root fresh weight; 6.7 and 8.1 g for root dry weight in the 1 st and 2 nd seasons, respectively Irrigation at 120 % ETo when interacted with proline 100 ppm treatment showed the highest fresh and dry weights of roots (25.2 and 32.2 g root fresh weight; 8.1 and 10.6 g root dry weight in 1 st and 2 nd seasons, respectively).
Seeds weight (g/plant) and seeds yield (Kg/feddan)
Chia seeds weight (g/plant) and yield (kg/feddan) responded significantly to the different applied treatments which was quite obvious in both seasons (Table, 6 ).
The maximum seeds weight (17.7 and 18.9 g / plant in both seasons, respectively) and maximum seeds yield (943.50 and 1006.29 Kg / feddan in the first and second seasons, respectively) resulted from plants irrigated at 100 % ETo. Irrigation level at 80 % Eto showed the lowest values when compared to the other two levels for seeds weight and yield in both seasons, although there was insignificant difference between 80 % and 120 % ETo in the first season. Putrescine foliar sprayed at 10 ppm in the first season gave the extremely high values of seeds weight and yield (18.0 g and 959.8 Kg, respectively), whereas the highest ever mean value (20.1 g and 1070.9 Kg, respectively) resulted from application of 100 ppm proline in the second season.
Evidently, irrigation at 100% ETo when interacted with putrescine 10 ppm led to the greatest seeds weight and yield (20.9 and 22.0 g; 1115.9 and 1171.4 Kg in 1 st and 2 nd season, respectively). Elsewhere, it was found that increasing irrigation level up to 100% Eto raised vegetative growth, i.e. plant height, branches number as well as dry matter of stem and hole plant (El-Noemani et al 2009). The strong influence of increasing irrigation up to the maximum level on plant height could be explained by enhancing cell division and enlargement which need more water supplies (Hammad, 1991). Fatthallah and Gawish (1997) pointed out that the reduction in number of branches owing to the low soil moisture level may be due to the reduction in the uptake of nutritional elements that caused inhibition in the physiological processes needed for plant growth. The increase in dry matter of plants grown in high levels of soil moisture could be attributed mainly to the effect of water on some quantitative and qualitative changes in certain metabolic processes in the plant cell (Mahmoud, 2000) . On the contrary, shortening plant height and lower dry matter under soil moisture stress may be explained by the fact that water stress caused stomatal closure and reduced minerals uptake by plants and hence affected plant growth (El-Noemani et al 2010).
The decline in fresh weight could be attributed to the decrease in water content of stressed plant cells and tissues which lose their turgor and thus shrink (Boyer, 1982) and the reduction of applied water may affect the physiological processes and tends to expose the plants to water stress which will be reflected to the water absorption and transmission to the different parts of the plant (Al-Harbi  et al 2008) . The decrease in both fresh and dry weights of stressed plants is tied up by the influence of water on stimulating and regulating the photosynthetic enzymes (Abdalla and El Khoshiban, 2007). Water-deficit conditions significantly reduces considerably characteristics of transpiration rate and photosynthetic capacity of plants by stomatal closure or through metabolic impairments such as damaging proteins associated with chlorophyll (Lawlor and Cornic, 2002; Athar and Ashraf, 2005). This may probably interpret a strategy of assimilate distribution, for example in stomatal control of water loss and in osmotic adjustment. Thus chia is sensitive to the lack of water, but adopts adaptive strategies that maintains its yield (Herman et al 2016) .
The shoot dry weight percentage here in chia decreased with increasing irrigation rate. It could be attributed to the reduction of applied water which, as explained earlier, may affect the physiological processes and tended to expose the plants to water stress which will be reflected to the water absorption and transmission to the different parts of the plant (Al-Harbi et al 2008) .
The decrease in yield attributes of chia may be due to that water stress caused a change in the hormonal balance of mature leaves, thus enhancing leaf senescence and hence the number of active leaves decreased. In addition, leaf area was reduced by water shortage, which was attributed to its effect on cell division and lamina expansion, when the leaf level decreased the light attraction and CO2 diffusion inside the leaf decreased and the total capacity of photosynthesis decreased therefore the photosynthetic materials that are transferred to seeds will eventually decrease (Ahmed 
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The exogenous application of SA counteracts drought stress that hinders plant growth in different crop species, this role of SA may be attributed to its ability to improve photosynthetic parameters and plant water status. Increased transpiration rate and proline accumulation as a result of exogenous SA might also be effective mechanisms that protect the plant against the injuring effects of water deficit. In Confirmation, the application of SA improved all the measured traits and induced drought tolerance in the treated plants (Afshari et al 2013) .
SA adjusts the hormonal conditions of the plants and increases the levels of auxin and cytokinin in non-stress conditions (Farjam et al 2014) . The application of SA on plants increased the amounts of auxin and ABA and prevented the reduction of cytokinin in drought stress conditions (Shakirova et al 2003) . Although drought stress hampered the plant water relations, the exogenous application of SA maintained the tissue water status possibly by stimulating the proton pumping (Khripach et al 2003) .
The response of chia plant to putrescine application is compatible with results obtained by Many previous studies improved that putrescine decreases the sensitivity of plants towards water stress, as polyamines can protect the different activities of the whole electron transport chain, photosystem I and Π. Increase in yield attributes of chia at stressed plants over the control plants could be because of the role of putrescine in stimulation of many processes inside the plant cell such as respiration and photosynthesis and increased the different photosynthetic products and the plants contents of protein and total amino acids under such drought stress level. Therefore, putrescine is found to be of bio-regulatory effects, chiefly through mobilization of dry matter and translocation of photosynthates resulting in an improved yield formation (Ahmed and Sadak, 2016). In further details, putrescine can protect the membranes and other macro molecules from oxidative damages and thus can stabilize biological membranes under stressful conditions (Gupta et al 2012) .
Conclusion
Data showed that: Chia (Salvia hispanica) could be cultivated successfully in Egypt.
The highest yield of seeds was obtained from plants irrigated according to 100% ETo. Foliar application of proline (100 ppm) and putrescine (10 ppm) was superior to the other treatments, although there was no significant differences between them and salicylic acid (200 ppm) and putrescine (15 ppm).
From the previous data we can recommend irrigating chia (Salvia hispanica) plants according to 100 % ETo in combination with foliar-spray application of salicylic acid at 200 ppm for the highest yield from an economic point of view. 
